United States Patent |9

US005940634 A
(11] Patent Number: 5,940,634

Nakamura 45] Date of Patent: Aug. 17,1999
[54] RANGE FINDING DEVICE 5,202,555 4/1993 Ishida et al. ......ccooeoeeinnnnnnie. 250/201.8
5,202,718  4/1993 Uchiyama .....cccoceeeeeeievinaneees, 396/104
[75] Inventor: Kenji Nakamura, Kasai, Japan 5,561,497 10/1996 Muramatsu et al. ................ 396/128 X
: \ Primary FExaminer—W. B. Perke
[73] Assignee: Minolta Co., Ltd., Osaka, Japan Arrome))){, Agent, or F.irmABuryns, Doane, Swecker &
Mathis, LLP
[21] Appl. No.: 08/979,550
[57] ABSTRACT
22| Filed: Nov. 26, 1997
. _ o o Minimum value calculator 125 detects the minimum value
30 Foreign Application Priority Data of a correlation value series, and waveform analyzer 126
Nov. 27, 1996 [IP]  Japan ......oeeeeeoreorerereesene 8-316356 analyzes the wavetorm of the correlation value series 1n the
close shift range which exceeds the measurable range of the
51] Int. CL e, GO03B 13/36 AF controllable range. A proximity warning is issued when
:52: US.CL oo, 396/104; 396/128; 396/147 the posi‘[ion of the mmimum value 1s 1 the close shift range,
58] Field of Search ... 396/104, 128, or when there 1s monotonic decrease of the correlation value
396/147; 250/201.8; 356/3.14 series 1n the close shift range. The waveform analyzer 126
also detects when a minimum value position 1s 1n an
[56] References Cited immeasurable range exceeding the close shift range, and

U.S. PATENT DOCUMENTS
4,762,087 8/1988 Ishida et al. wocoveveeveverereennn. 250/201.8

accurately 1ssues a proximity warning.

16 Claims, 9 Drawing Sheets

/—12

122W

9 1220
1220 CORRELATION MINU
CCD A/D i MEMORY | VA VAL UF WAVEFORM
1% CALCULATOR ecior || WIS
[ MEMORY | -
123 [
N
DISTANCE CALCULATOR
TMING GENERATOR
OBJECT CLOSE IMPAIRED
DISTANGE ~ |RANGE RANGING

RANGE

14
Ij' 13

CONATFROL DISPLAY




U.S. Patent

Aug. 17, 1999

Sheet 1 of 9

5,940,634



5,940,634

Sheet 2 of 9

Aug. 17, 1999

U.S. Patent

AV 1510
2|
JINVY
INIONVY JONVY
(J3dIvdAl ENIN

dIZA YNV

N0 AVM

3¢}

104LNOY
||

JONVLSIC

|

JI'H0

dOLY INO TV JONVLSIC

d01J1L40

Gel

Cl

INVA

NOAININ

!

eCl

koK | |

(L

d0LY 1IN0 1Y

1Z4
DiCI

ASONIN

INVA
Aoen

HOLYYANZYD ININLL

(¢l

0/¥

1

(94




U.S. Patent Aug. 17, 1999 Sheet 3 of 9 5,940,634

] S —— rm— e -

s
I I
— [ —
l..-—-...-—....‘
] | ~—
| | |
vt —
™ | e’
w— | —
o O
| o —
C~) | e
| I
[ w— —
e | i’
| & | ©
o | TN

(g ()10
(6| [ (b |
0 (o) (0)ib |




U.S. Patent Aug. 17, 1999 Sheet 4 of 9 5,940,634

FIG. 6

AF CONTROLLABLE CLOSE SHIFT IMPAIRED RANGING -
[ RANGE (A) "TRANGE (B) T RANGE (C)
e
C
®
§ —~Q -
== Q\ @
g
f—‘_, O
§ (0) ® )
S(r-3) of
. 7/
b < ( ;'.5,
el 3Ar-2) G 4
(c) | l,~1 S 0
S(r-1) &/
'Sm’
S_F—l‘—!‘—l——lﬁ‘—ru_rﬁ—r—
01 2 3 q r=2 r

-1 SHIFT POSITION |




U.S. Patent Aug. 17, 1999 Sheet 5 of 9 5,940,634

AF CONTROLLABLE CLOSE SHIFT___| _ IMPAIRED RANGING__
RANGE (A) "1 RANGE (B) RANGE (C)

CORRELATION VALUES S(i)




U.S. Patent Aug. 17, 1999 Sheet 6 of 9 5,940,634

RANGE. FINDING

) FIG. 8

4

INTEGRATION
STARTS

0
INTEGRATION
TIME T

ELAPSED?
YES 8

READ QUT
PIXEL DATA

10

FILTERING
12

I CORRELATION VALUF |
CALCULATION
14
<>
YES

INTERPOLATION
CALCULATION

16

18\

CALCULATE
DISTANCE Dy

20
ST
NO 20 28
22 ™ | r (—

| PROXIMITY I I MPARED RANGING
AF PROCESS I WARNING WARNING

END



U.S. Patent

FIG. 9

Aug. 17, 1999

Sheet 7 of 9

CORRELATION VALUE
CALCULATION

50

K =10

b,

44
ST
46 YES

CALCULATE
MINMUM VALUE

48

MINMUM VALUE
|5 CALCULATED?

0
\ YES

FLCA=1

NO

(' REWRN )

FLGA=0

5,940,634

J2



U.S. Patent Aug. 17, 1999 Sheet 8 of 9 5,940,634

"

G. 10

PRIOR ART)

Dk

AR
CONTROLLABLE
RANGE

CLOSEWRANGE

IMPAIRED
RANGING
RANGE




U.S. Patent Aug. 17, 1999 Sheet 9 of 9 5,940,634

FIG. 11

= ~ =

L~ [EEE] T
- — |
oo | o

S E§§| ............. IIE| T
kGR(k)
-t W] -
A W
@
@
= ®
% -
= ®
S
E @
= .
®
\
*Sm
/| \
h A
S Y D B
01 2 3 45 10 15
SHIFT POSITION |
- X -




5,940,634

1
RANGE FINDING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a range finding device of
the so-called passive external light type which detects the
distance to an object using an object 1mage obtained by
receiving the reflected external light (peripheral light) from
the object.

2. Description of the Related Art

Fixed lens cameras such as compact cameras and
so-called lens shutter cameras and the like are provided with
a range finder of the so-called passive external light type
which comprises, adjacent to a view finder optical system, a
pair of line sensors, and a distance objective lens to form on
the line sensors an object 1mage mcluded within the range
frame provided within the view finder.

The ranging principle of the aforesaid range finder 1s the
detection of the amount of relative positional dislocation of
an 1mage sensed by one line sensor relative to an 1mage
sensed by the other line sensor, and calculating the object
distance using the amount of dislocation.

FIG. 10 illustrates the ranging principle of a conventional
range finder of the passive external light type.

Within range finder 20 are provided an autofocus (AF)
sensor comprising a pair of charge-coupled device (CCD)
line sensors 21 and 22 to photoelectrically convert a sensed
object image to electric signals, and lenses 23 and 24 to form
the object 1image on the CCD line sensors 21 and 22. The
number of pixels M of the image sensing range of CCD line
sensor 22 are a predetermined number r 1n excess of the
number of pixels N of the image sensing range of CCD line
sensor 21.

CCD line sensors 21 and 22 are arranged a predetermined
distance XO on the same line.

When a partial image having the same number of pixels
as the number of pixels N comprising an 1mage GL sensed
by the CCD line sensor 21 1s extracted from the image GR
having M pixels sensed by CCD line sensor 22 as a second
image for use in comparison, a second image GR(i) of (r+1)
is obtained (where 1=0, 1, . . . r). When the left edge of image
GR 1s used as a reference position, a partial image having N
pixels is extracted from each second image GR(1) by shifting
1 pixels from the reference position toward the right side.

Then, the object distance 1s calculated by comparing the
first image GL and the second image GR(i) of (r+1),
calculating a second image GR(i) matching both images,
and calculating the amount of dislocation Xd of the second
image GR(1) relative to the first image GL. That is, when an
object 1s at an infinity position, range finder 20 makes the
adjustment so that first image GL matches the second 1image
GR(0), and the second image GR(i) matching the first image
GL 1s shifted to the right side 1n accordance with bringing
the object nearer from the 1nfinity position. Therefore, when
the number k second image GR(k) matches the first image
GL and the distance from the reference position at image GR
of the second image GR(Kk) is designated Xi, the amount of
shift Xd of the first image GL and second image GR(k) is
calculated by the expression (XO+Xi). Since the object
distance DO corresponding to the mfinity position 1s preset,
the object distance DU, the object distance Dk 1s calculated
using the distance X0 between the first image GL and the
second image GR(0), and the amount of shift Xd between
the first image GL and the second image GR(k).

The second image GR(k) which matches the first image
GL 1s determined by calculating the correlation value S(i)
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that expresses the degree of matching of each second 1mage
GR(i) relative to a first image GL. As shown in FIG. 11, the
correlation value S(i) is defined by the total sum of the
absolute value of the level differential of the pixel data g1(j)
comprising the first image GL and the pixel data g2(j+k)
comprising the second image GR(k) at a position corre-
sponding to the pixel data g1(j) (i.e., the j position) as shown
below;

2| g2(j+k)-g1()|

when the position of the second image GR(k) is expressed
by the shift position from a reference position of the first
image GL, the second image GR(k) having a minimum
value Sm of a waveform 1n a correlation series of correlation
values S(i) corresponding to the shift position 1 1s calculated
as the second 1mage matching the first image GL, as shown
in FIG. 12.

The range finder 20 1s capable of measuring to a range
closer than the closest distance of the object distance range
measurable by the autofocus system of the camera
(hereinafter referred to as “AF controllable range™); FIG. 12
shows the shift range wl expressing the range of detectable
object distances. The close shift range w2 expresses a range
corresponding to object distance (near range W in FIG. 1)
closer than the aforesaid AF controllable range.

In conventional cameras provided with passive external
light type rangefinders, when the minimum value Sm of the
waveform correlation series 1s detected by the close shift
range w2, AF control 1s not possible and a warning herein-
after referred to as “proximity warning”) is issued express-
ing that the object is closer than the AF controllable range by
having, for example, the LED display flash to indicate the
focus state 1n AF control. When the minimum value Sm of
the waveform correlation series cannot be detected, release
prohibited, impaired ranging and like warning displays of
predetermined impaired ranging processes are executed.

The aforesaid proximity warning alerts the photographer
to the fact that an object 1s closer than the AF controllable
range, and since AF control can be accomplished by setting
a suitable object distance, it 1s desirable that the proximity
warning 1s used as far as possible when the minimum value
Sm of the correlation value series 1s 1n the close range w2
and outside the close shift range w2.

Conventional rangefinders execute impaired ranging pro-
cesses without 1ssuing a proximity warning when the mini-
mum value Sm of the correlation value series 1s outside the
close shift range w2 so as to similarly execute 1mpaired
ranging processes when the minimum value Sm of the
correlation value series cannot be selected within the shaft
range wl.

SUMMARY OF THE INVENTION

In view of the aforesaid information, the present invention
provides a range finder capable of accurate range detection
and 1ssuing a proximity warning even when a minimum
value of the correlation value series 1s within the impaired
ranging range.

In order to achieve the object, the range finding device 1s
comprising: a pair of sensing devices which senses a pair of
images; a correlation value calculator which calculates cor-
relation values expressing a degree of matching of a pair of
images at each shift position while shifting the relationship
of a pair of 1mage signals; a detector which detects a first
distance range wherein an object lens focus adjustment 1s
possible and a second distance range closer than the first
distance range based on the correlation values of the shaft
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positions obtained by the correlation value calculator; a
determiner which determines whether or not a correlation
value of a shift position corresponding to the second dis-
tance range 1s monotonically decreasing; and a focusing
determiner which determines that focusing i1s 1mpossible
when monotonic decrease 1s determined by the determiner.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of this invention will
become clear from the following description, taken 1n con-
junction with the preferred embodiments with reference to
the accompanied drawings 1n which:

FIG. 1 1s a front view of a camera provided with an
embodiment of the range finder of the present invention;

FIG. 2 illustrates the sensitivity range of the AF sensor
within the 1imaging plane;

FIG. 3 shows the construction of range finder unait;

FIG. 4 1s a block diagram of the control unit of the range
finder of an embodiment of the invention;

FIG. 5 1llustrates the relationship between the reference
image and a standard image used to calculate correlation
values;

FIG. 6 shows an example of a correlation value series
waveform of correlation values S(i) relative to shift number
1;

FIG. 7 shows another example of a correlation value

series waveform of correlation values S(i) relative to shift
number 1;

FIG. 8 1s a flow chart of the ranging operation of an
embodiment of the range finder of the present invention;

FIG. 9 1s a flow chart of the correlation value calculation
subroutine;

FIG. 10 1llustrates the ranging principle of conventional
passive external light type rangefinders;

FIG. 11 shows the relationship between mutual pixel data
of a first image GL and a second image GR(k) used to
calculate correlation value S(k);

FIG. 12 shows an example of a waveform of correlation
values relative to the number of shifts.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 1s a front view of a camera provided with an
embodiment of the range finder of the present invention.

Camera 1 1s provided with a photographic lens 3 com-
prising a zoom lens disposed in the center of the front
surface of camera body 2, and a light meter unit 4 1s disposed
top left of lens 3. A lens shutter comprising a plurality of
shutter shades 1s provided within the lens system of photo-
oraphic lens 3. A range finder 5 1s provided above photo-
oraphic lens 3, and a view finder window 6 1s provided to the
right thereof; an auxiliary light emission window 7 used for
rangefinding 1s disposed below the view finder window 6.

Light meter unit 4 1s provided with photoreceptor ele-
ments such as SPC or the like, and calculates brightness data
of an object by receiving light from the object.

Rangefinder unit 5 1s provided with an AF sensor 9 having
a sensitivity range 81 1n the center of the viewing frame 8 of
the view finder, and detects the distance D(m) from camera
1 to an object (hereinafter referred to as “object distance™)
using 1image 1nformation obtained by receiving the reflected
light from the object within sensitivity range 81. An AF
frame 82 representing the ranging area 1s displayed in the
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center of the viewing frame 8 within the view finder. A
photographer frames the object to be focused within the AF
frame 82, and adjusts the focus of the object by pressing the
shutter button halfway.

Rangefinder unit 5 mainly comprises, as shown in FIG. 3,
an autofocus (AF) sensor 9 including a pair of line image
sensors 91 and 92, and a lens unit 10 mcluding a pair of
small lens arrays 101 and 102 arranged in front of the line
image sensors 91 and 92, respectively. Line 1image sensors
91 and 92 are arranged at a predetermined interval on the
same line. Line 1mage sensors 91 and 92 comprise charge-
coupled device (CCD) line sensors having, for example,
linear arrays of a plurality of charge-coupling elements
(hereinafter referred to as “pixels”); range finder unit 5§
detects an object distance D using line 1mage sensors 91 and
92 to sense part of an object image and using the derived
data of both sensed images (i.e., data output from each pixel;
hereinafter referred to as “pixel data™).

Object distance D 1s calculated from the amount of
shifting of the relative positions of a linear 1image obtained
in a first image area and a linear 1mage obtained 1n a second
image area when line 1mage sensor 91 on the near side of
optical axis L of the view finder optical unit 7 1s designated
the first image area and line sensor 92 on the far side of the
optical axis L 1s designated the second image area within the
line 1mage sensors 91 and 92.

The auxiliary light emission window 7 1s a window which
emits auxiliary light to measure the object distance toward
an object under low lighting conditions, and within the
window 7 are photoemitter elements comprising infrared
LEDS and the like, as well as a lens to focus the light emaitted
by the photoemitter elements and project the focused light to
the object.

FIG. 4 1s a block diagram of the control unit of the
rangefinder of the present embodiment of the 1nvention.

In FIG. 4, control unit 12 comprises an autofocus mecha-
nism (AF), autoexposure mechanism (AE), and a micro-
computer to control continuous photographic operations of
camera 1 such as release and the like; control unit 12 also
executes rangefinding controls.

Control unit 12 1s provided with an analog-to-digital
(A/D) converter 121, memory 122, timing generator 123,
correlation value calculator 124, minimum wvalue detector
125, waveform analyzer 126, and object distance calculator

127.

A/D converter 121 converts pixel signals output from AF
sensor 9 into digital signal (hereinafter referred to as “pixel
data”). Memory 122 stores the pixel data received from A/D
converter 121, and stores calculation results calculated by
correlation value calculator 124. Memory 122 1s provided
with a first data area 1224, a second data arca 122b, and a
range data area 122c¢, such that pixel data comprising a linear
image received by line image sensor 91 are stored 1n the first
data area 1224, and pixel data comprising a linear image
received by line image sensor 92 are stored in the second
data arca 122b. The calculation results calculated by corre-
lation value calculator 124 are stored 1n range data arca

122c.

Timing generator 123 generates timing signals to control
the sensing of an object by AF sensor 9. Timing generator
123 generates control signals (control signals to control load
accumulation time) to control photographic operations, and
outputs the control signals to AF sensor 9; timing generator
123 also generates a readout clock to output pixel data from
AF sensor 9, and outputs the readout clock to AF sensor 9,
A/D converter 121, and memory 122.
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Correlation value calculator 124 calculates the correlation
values expressing the degree of matching between a linear
image obtained in a first image area (hereinafter referred to
as “standard image”), and a plurality of partial linear images
of the same number of pixels as the extracted standard image
by shifting the pixel position from the linear image obtained
in a second image area in a shift direction (hereinafter
referred to as “reference image”). That is, as shown in FIG.
S5, when pixel data g1(0) to g1(n-1) are included in standard
image GL obtained in the first 1mage area, and pixel data
g1(0) to gl(n+r-1) are included in linear GR obtained in the
second 1mage area, the standard image GL comprises the
pixel data g1(0) to gl(n—-1). When the left edge position of
the linear image GR 1s set as the standard position and the
reference 1mage having the same number of pixels n as the
standard i1mage obtained by shifting from the standard
position 1 pixels in a rightward direction is designated GR(1)
(where 1=0, 1, . . . r), the reference image GR(1) comprises
the pixel data g2(1) to g2(1+n).

Pixel data gl(k) represents pixel data at pixel position of
pixel k when the pixel positions of standard image GL are
named 0, 1,2 ... 1n a rightward direction from the left edge
side. Similarly, pixel data g2(k) represents pixel data at pixel
position of pixel k when the pixel positions of linear 1image
GR are named O, 1, 2 . . . 1n a leftward direction from the
right edge side.

Although reference image GR(1) is shifted and extracted
at 1 pixel pitch 1 the present embodiment, the reference
image GR(1) may be extracted at 2 pixel pitch or more.

The correlation value S(i) between standard image GL
and reference image GR(i) is defined by the total sum of the
absolute value of the level differential of the pixel data g1(j)
comprising the standard image GL and the pixel data g2(j+k)
comprising the reference 1mage GR(i) at a position corre-
sponding to the pixel data g1(j) (i.c., the j position) as shown
below;

2|g2(/+1)-g1()|

(where 1=0, 1, . . . n—-1); correlation value S(1) expresses the
correlation value at shift position 1. Correlation value cal-
culator 124 calculates correlation values S(i1) between stan-
dard image GL and reference image GR(i) at all shift
positions, and stores the calculation results 1n memory 122.

Minimum value detector 125 detects the minimum value
Sm of the correlation value series waveform comprising
correlation values S(1) for each shift position, and detects the
shift position having the minimum value Sm.

That 1s, correlation value calculator 124 produces data of
correlation value S(1) for i number of shifts as shown in FIG.
6. In FIG. 6, the AF controllable range (A) of the horizontal
axis 1s the range 1 number of shifts corresponding to the
object distance range (a) controllable by the autofocus of
camera 1 (hereinafter referred to as “AF control range (a)”),
and close shift range (B) 1s the range of 1 number of shifts
corresponding to a measurable object distance range (b)
which is closer than the AF control range (a) (hereinafter
referred to as “close range (b)), and impaired ranging range
(C) 1s a range which cannot be measured because the
maximum number of shifts r 1s exceeded.

Since the number of shift positions 1 of reference 1mage
GR(1) matching a standard image GL increases as object Q
comes closer, the close shift range (B) becomes the range r
of the maximum number of shifts from a predetermined
number of shifts g, and number of shifts g becomes the
maximum number of shifts of the AF controllable shift
range. The impaired ranging range (C) corresponds to the
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6

object distance range which is closer than the close range (b)
(hereinafter referred to as “impaired ranging range”)
because it 1s outside the close shift range (B).

Minimum value detector 125 discriminates, for example,
the code of the amount of change 1n adjacent correlation
value S(1) and S(1+1), and detects a number of shifts 1 as the
shift position of minimum value Sm of the waveform of the
correlation value series if S(i-1)-S(1)<0, 1.e., when S(1)-S
(i+1)>0. In the example of FIG. 6, since S(r-1)-S(r-2)<0.
i.e., S(r)-S(r-1)>0, the correlation value S(r-1) is detected
as the minimum value Sm, and the number of shifts (r-1) is
detected as the shift position of the minimum value Sm.

Waveform analyzer 126 analyzes the waveform of the
correlation value series in close shift range (B), and dis-
criminates whether or not the object is in the close range (b)
and the impaired ranging range (c¢). When the minimum
value Sm of the wavetform of the correlation value series 1s
detected, the object is determined to be in the close range (b)
via the discrimination result when minimum value Sm 1s
detected within the close shift range (B) via the presence of
a reference 1image GR(1) or GR(1+A1) matching the standard
image GL at the shift 1 position or an adjacent position
relative to the minimum value Sm (where A1 is less than
pixel pitch Px; refer to Sm' position in FIG. 6). As shown in
FIG. 7, however, when a mimmimum value Sm 1s not detected
in the close shift range (B) and is presumed to be the
impaired ranging range (C), an object cannot be detected in
the close range (b) or impaired ranging range (c) by the
minimum value Sm detection method.

Waveform analyzer 126 analyzes the waveform of the
correlation value series in close shift range (B), and detects
an object 1n close range (b) or impaired ranging range (c) by
detecting a monotonic decrease of the waveform. That 1s,
waveform analyzer 126 discriminates and detects a mono-
tonic decrease of the waveform of the correlation value
serics 1f at least the change between correlation values
S(r-2), S(r-1), and S(r) in close shift range (B) is such that
S(r-2)-S(r-1)<0 and S(2-1)-S(r)<0 based on the discrimi-
nation result of the code of the amount of change 1n two
adjacent correlation values S(1) and S(i+1) by minimum
value detector 125.

Normally, an 1interpolation calculation 1s executed to
increase the precision of the correlation value calculation. In
the correlation value calculation, since the reference image
GR(i) of the second image area is shifted in 1 pixel pitch
relative to a standard image GL of a first 1mage area to
calculate correlation values S(0) to S(r) expressing the
degree of matching of both images, when the minimum
value Sm' of the wavetform of the correlation value series
occurs between the pixel pitch, an error difference occurs
between the shift amount Xi of the reference image GR(1)
and the standard image GL calculated form the minimum
value Sm' and the shift amount Xi' of the reference 1mage
GR(i+Ai) and the standard image GL calculated from the
minimum value Sm'. Interpolation calculation interpolates
an accurate shift position (1+A1) relative to a minimum value
Sm' using at least four consecutive correlation values S(i),
S(i+1), S(i-1), S(i-2) including the shift position having a
minimum value Sm.

When the interpolation calculation i1s executed and a
minimum value Sm occurs near the maximum shift number
r, monotonic decrease of the waveform of the correlation
value series cannot be detected by the change between
correlation values S(r-2), S(r-1), S(r), and since interpola-
tion cannot be accomplished, neither can the shift number of
minimum value Sm be calculated.

As shown 1n FIG. 6, for example, when minimum value
Sm' is between shift number (r—1) and the maximum shift
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number r, monotonic decrease ol the waveform of the
correlation value series cannot be determined because S(r—
2)-S(r-1)<0 and S(r-1)-S(r)>0 when discriminating the
change between correlation values S(r-2), S(r-1), and S(r).
On the other hand, when executing the interpolation
calculation, at least two correlation values are required
before and after the mimnimum value Sm' to be determined,;
in the example of FIG. 6, correlation values S(r-2), S(r-1),
S(r), and S(r+1) are required, but since correlation value
S(r+1) corresponding to shift number (r+1) does not exist,

the mimimum value Sm' cannot be calculated by interpola-
fion.

In order to avoid this problem when calculating an object
distance with high precision via an interpolation calculation,
monotonic decrease of the wavetform of the correlation value
serics may be detected by excluding the correlation value
S(r) and detecting the change between at least correlation

values S(r-3), S(r-2), S(r-1) in close shift range (B). That
is, if S(r-3)-S(r-2)<0 and S(r-2)-S(r-1)<0, a monotonic
decrease 1s determined in the waveform of the correlation
value series.

Object distance calculator 127 calculates information
relating to the object distance using the analysis results of
waveform analyzer 126 and the detection results of mini-
mum value detector 125. When object distance calculator
127 detects a minimum value Sm in the AF controllable
range (A), interpolation calculation is accomplished using a
minimum value Sm and a plurality of correlation values
adjacent to the minimum value Sm, and the object distance
D 1s calculated based on the shift position relative to the
minimum value Sm' calculated by the interpolation calcu-
lation. The information of the object distance D 1s output to
the AF control circuit 14.

When object distance calculator 127 detects a minimum
value Sm 1n the close shift range (B), or when a monotonic
decrease 1s determined in the waveform of the correlation
value series in close shift range (B), this information is
output to, for example, a display 13 within the viewfinder,
and a warning display (hereinafter referred to as “proximity
warning”) is executed alerting to the fact that the position of
the object is in close range (b) or impaired ranging range (c).
This warning display may be, for example, a flashing LED
display indicating the focus state of the AF control, or the
lighting of a special warning LED. The proximity warning
may also be an audible warning such as a warning buzzer.
When a minimum value Sm 1s not detected and a monotonic
decrease of the waveform of the correlation value series 1s
not detected in close shift range (B), information of impaired
ranging 1s output and a warning display 1s executed in
display 13 within the viewfinder and a release prohibition
process 1s executed based on the information.

The range finding operation of the range finder of the
present embodiment of the invention 1s described hereinatfter
with reference to the flow chart of FIG. 8.

First, object brightness 1s detected by light meter 4 (#2).
Then, the integration operation (i.e., photoreception
operation) of the line image sensors 91 and 92 is started (#4).
The maximum value of mtegration time T of line 1mage
sensors 91 and 92 is preset from the allowed rangefinding
process time as photography preparation. The actual line
image sensor 91 and 92 integration time T changes in
accordance with the amount of incidence light, such that the
integration operation ends when the amount of light received
within the maximum value of the mtegration time attains a
predetermined value (i.e., a signal level necessary for the
rangefinding operation).

After a predetermine integration time T has elapsed (#6:
YES), the pixel data of line sensors 91 and 92 are read out
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(#8). The readout pixel data are subjected to differential
conversion, centering conversion and like filtering processes
(#10), and subsequently subjected to a correlation calcula-
tion 1 accordance with the correlation value calculation
subroutine shown in FIG. 9 (#12). The differential conver-
sion converts the readout pixel data to differential data, for
example, between pixel data of a plurality of separated
pixels. That 1s, when the number k pixel data are designated
g(k) (where k=1, 2, . . . n) and the discrete pixel number is
designated s, pixel data g(k) are converted by the filtering
process to differential data A g(k)=g(k)-g(k+s). The center-
ing conversion converts the position of the differential data
Ag(k). That is, the position of Ag(k) is set, for example, as
data representing pixel position (k+s)/2. This filtering pro-
cess reduces the detection error based on the difference 1n
sensitivity between the line 1image sensors 91 and 92.

When the correlation value calculation subroutine is
executed, first the value of counter K which counts the
number of shifts is set at [0] (#30). Then, the value of
counter ] which counts the number of the pixel position 1s set
at [0] (#32), and a correlation value S(0) of reference image
GR(0) and standard image GL at shift number K=0 is
calculated by the loop process of steps #34 to #40 via the
equations below.

S(K)=AD(0)+AD(1)+ . . . AD(n-1) (1)

(2)

Equation 2 calculates the level of difference AD()
between pixel data gl(j) comprising standard image GL at
pixel position j and the pixel data g2(j+K) comprising
reference image GR(K) at shift position K, and equation 1
calculates the total sum of level differences AD(j) at all pixel
positions j.

When the calculation ends for the correlation value S(0)
of reference image GR(0) and standard image GL at shift
number K=0(#40: YES), the count value K is incremented
(#42), and a check is made to determined whether or not this
count value K has exceeded a maximum shift number r
(#44). If K=r (#44: NO), the routine returns to step #34, and
a similar calculation 1s executed to calculate correlation
value S(1) of reference image GR(1) and standard image GL
at shift number K=1.

The same method 1s used to calculate the correlation
values S(2), S93), . . . S(r) of reference 1image GR(K) and
standard image GL at shift numbers K=2, 3, . . . r (#32 to
#44loop), and when the calculation ends for correlation
value S(r) of reference image GR(r) and standard image GL
at shift number K=r (#44: YES), then, the minimum value
calculation 1s executed to determine the minimum value Sm
via the previously described method relative to the correla-
tion value series of correlation value S(K) at shift number K
(#46).

Next, a check 1s made to determine whether or not the
minimum value Sm has been calculated (#48). If the mini-
mum value Sm has been calculated (#48: YES), flag FLGA
is set at [1] (#50), whereas if the minimum value Sm has not
been calculated (#48: NO), the flag FLGA 1is reset at [0O]
(#52) and the routine returns. The flag FLGA is a flag
expressing the calculation of minimum value Sm, 1.€., an
object position in AF controllable range (a) or close range
(b).

Returning now to FIG., 8, when the correlation value
calculation ends, a check 1s made to determined wither or
not the flag FLLGA is set at [1] (#14). If the flag FLGA 1is set
at [1] (14: YES), an interpolation calculation is executed
based on the result of the correlation calculation (#16). Then,

AD(j)=|g2(j+k)-g1())]
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the shift amount Xd 1s calculated for reference 1mage
GR(1+Ai1) and standard image GL from the shift position
corresponding to more accurate calculated minimum value
Sm' via interpolation, and the object distance Dx 1s calcu-
lated using the distance X0 between reference image GR(0)
and standard image GL and the object distance DO corre-
sponding to the infinity position and the shift amount Xd

(#18).

Next, a check 1s made to determine whether or not the
calculated object distance Dx exceeds the closest distance
Dk preset for AF control (#20). If Dx=Dk (#20: NO), the
object distance Dx 1s output to AF control circuit 14, and the
AF process (autofocus adjustment process) is executed
(#22). On the other hand, if Dx>Dk (#20: YES), the object
is determined to be in the close range (b), and a warning is
displayed on display 13 within the view finder (#26).

If the flag FLGA is reset to [0] in step #14(#14: NO), a
check 1s made to determine whether or not there i1s a
monotonic decrease of the wavetorm of the correlation value
series in the close shift range (B) using a correlation value
S(r-1) corresponding to a shift number (r-1) immediately
prior to the maximum shift number r and the consecutive
correlation values S(r-2), S(r-3) adjacent thereto. That is, a
check is made to determine whether or not S(r-2)>S(r-1)
and S(r-3)>S(r-2) (#24) If S(r-2)>S(r-1) and S(r-3)>S(r-
2) (#24: YES), the previously mentioned proximity warning
is executed (#26), whereas if S(r-2)>S(r-1) and S(r-3)>S
(r-2) does not obtain (#24: NO), the previously mentioned
impaired ranging warning is executed (#28).

In the aforesaid step #24, correlation values S(r), S(r-1),
S(r-2) may be substituted for the aforesaid correlation
values S(r-1), S(r-2), S(r-3), to determine whether or not a
monotonic decrease of the wavetorm of the correlation value
series occurs in the close shift range (B) by determining
whether or not S(r-1)>S(r) and S(r-2)>S(r-1).

Although the present embodiment has been described 1n
terms of calculating correlation value S(i) at each shift
position by shifting a reference image GR(1) of a second
image area relative to a standard 1mage GL of a first image
area, 1t 1s to be noted that the present invention 1s applicable
to the calculation of correlation value S(i) at each shift
position by mutually shifting both the reference image GR
and the standard image GL.

Although the present 1invention has been fully described
by way of examples with reference to the accompanying
drawings, it 1s to be noted that various changes and modi-
fication will be apparent to those skilled in the art. Therefore,
unless otherwise such changes and modifications depart
from the scope of the present invention, they should be
construed as being included therein.

Obviously, many modifications and variation of the
present invention are possible in light of the above teach-
ings. It 1s therefore to be understood that within the scope of
the appended claims, the invention may be practiced other
than as specifically described.

What 1s claimed 1s:

1. A range finding device, comprising;

a pair of sensing devices which senses a pair of 1mages;

a correlation value calculator which calculates correlation
values expressing a degree of matching of a pair of
images at each shift position while shifting the rela-
tionship of a pair of 1mage signals;

a detector which detects a first distance range wherein an
object lens focus adjustment 1s possible and a second
distance range closer than said first distance range
based on the correlation values of the shift positions
obtained by said correlation value calculator;
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a determiner which determines whether or not a correla-
tion value of a shift position corresponding to said
second distance range 1s monotonically decreasing; and

a focusing determiner which determines that focusing 1s
impossible when monotonic decrease 1s determined by
said determiner.

2. A range finding device as claimed 1n claim 1,

further comprising a minimum value detector which
detects a minimum value from among correlation val-
ues obtained by said correlation value calculator,

wherein said focusing determiner determines that focus-
ing 1s impossible when said minimum value 1s detected
at a shift position corresponding to said second distance
range by said minimum value detector.

3. A range finding device as claimed 1n claim 2,

further comprising a range finding determiner which
determines whether or not range finding 1s possible,

wherein said range finding determiner determines that
range finding 1s 1mpossible when said minimum value
1s not detected at a shift position corresponding to said
second distance range by said minimum value detector
and monotonic decrease of correlation values 1s not
determined by said determiner.

4. A range finding device as claimed 1n claim 1,

wherein said determiner executes a determination based
on plural correlation values at least including a corre-
lation value at a shift position that 1s immediately prior
to a maximum shift position.

5. A range finding device as claimed 1n claim 1,

further comprising a display device which displays that a
distance to an object 1s too close to said range finding
device.

6. A range finding device as claimed 1n claim 1,

further comprising a range finding determiner which
determines whether or not range finding 1s possible,

wheremn said range finding determiner determines that
range {inding 1s impossible when monotonic decrease
of correlation values corresponding to said second
distance range 1s not determined by said determiner.
7. A range finding device, comprising:

a pair of sensing devices which senses a pair of 1mages;

a correlation value calculator which calculates correlation
values expressing a degree of matching of a pair of
images at each shift position while shifting the rela-
tionship of a pair of 1mage signals;

a detector which detects a first distance range 1n which an
object lens focus adjustment 1s possible and a second
distance range closer than said first distance range
based on the correlation values obtamned by said cor-
relation value calculator;

a determiner which determines whether or not a distance
to an object 1s 1n a distance range corresponding to said
second distance range; and

a focusing determiner which determines that focusing 1s
impossible when said determiner determines that said
distance to an object 1s 1n said second distance range.

8. A range finding device as claimed 1n claim 7,

further comprising a display device which displays that a
distance to an object 1s out of said first distance range
when said focusing determiner determines that focus-
ing 1s 1mpossible.

9. A range finding device as claimed 1n claim 7,

further comprising a range finding determiner which
determines whether or not range finding 1s possible,
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wherein said range finding determiner determines that
range finding 1s 1mpossible when a distance 1s not
detected 1n both of said first distance range and second
distance range.

10. A range finding device as claimed 1n claim 9,

further comprising a display device which displays that a
distance to an object 1s out of said first distance range
when said focusing determiner determines that focus-
ing 1s 1mpossible.

11. A range finding device as claimed in claim 9,

further comprising a display device which displays that
range finding 1s 1impossible when said range finding
determiner determines that range finding 1s 1impossible.

12. A range finding method for a range finding device,
comprising the following steps of:

a correlation value calculating step for calculating corre-
lation values expressing a degree of matching of a pair
of 1mages at each shift position while shifting the
relationship of a pair of 1image signals obtained by an
Image Sensor;

a determining step for determining that an object 1s 1n a
first distance range in which an object lens focus
adjustment 1s possible or 1s 1n a second distance range
closer than said first distance range based on the
correlation values obtained by said correlation value
calculating;

a judging step for judging that focusing is impossible
when an object 1s 1n said second distance range.

13. A range finding method for a range finding device as

claimed 1n claim 12,

wherein said determining step determines that an object 1s
in said second distance range when a correlation value

5

10

15

20

25

30

12

of a shift position corresponding to said second dis-
tance range 1s monotonically decreasing.
14. A range finding method for a range finding device as
claimed 1n claim 13,

wherein said judging step includes a displaying step for
displaying a result judged in said judging step.
15. A range finding method for a range finding device as
claimed 1n claim 12,

wherein said judging step includes a displaying step for
displaying a result judged 1n said judging step.

16. A camera having a range finding device, comprising:

a pair of sensing devices which senses a pair of 1mages;

a correlation value calculator which calculates correlation
values expressing a degree of matching of a pair of
images at each shift position while shifting the rela-
tionship of a pair of image signals;

a detector which detects a first distance range wherein an
object lens focus adjustment 1s possible and a second
distance range closer than said first distance range

based on the correlation values of the shift positions
obtained by said correlation value calculator;

a determiner which determines whether or not a correla-
tion value of a shift position corresponding to said
second distance range 1s monotonically decreasing; and

a focusing determiner which determines that focusing 1s

impossible when monotonic decrease 1s determined by
said determiner.



	Front Page
	Drawings
	Specification
	Claims

